To determine the effects of moderate ethanol consumption on the mechanical, biochemical, and structural characteristics of the heart, myocardial mechanical performance, contractile protein enzyme activity, and the number and size of myocytes were measured in male Fischer 344 rats after the ingestion of 30%o oral ethanol. Papillary muscles removed from the left ventricle were greater in length, weight, and crosssectional area than the corresponding muscles from the right side. However, no differences were found between control and ethanol-treated myocardium when either the left or right side was compared separately. Chronic ethanol ingestion resulted in an increase in resting tension in left ventricular muscles, with no alteration in peak developed tension. Moreover, time to peak tension was significantly prolonged, whereas a depression was observed in the peak rate of isometric tension development. Isotonically, left muscles from ethanol-treated rats revealed a prolongation of time to peak shortening and a marked depression in the velocity of shortening at physiological loads. No changes were noted in muscles from the right ventricle. Contractile protein enzyme activity revealed no differences in myofibrillar Mg2`-ATPase activity in right and left ventricular myocardium between control and ethanol-treated rats in the presence of EGTA. However, at physiological activating levels of calcium, an upward shift of the myofibrillar Mg2`-ATPase activity-calcium curve occurred in left myocardium, whereas a depression in this relation was seen in the right ventricle. As a result of chronic ethanol intake, a decrease was noted in the volume percent of myocardium occupied by myocytes, and that myocyte cell volume per nucleus was found to remain essentially constant throughout the various layers of the ventricular wall. Importantly, a 14% significant decrease in the total number of myocyte nuclei was demonstrated in the left ventricular myocardium of rats on chronic ethanol consumption. Thus, chronic but moderate alcohol ingestion resulted in depressed contractile performance, alterations in myofibrillar Mg2`-ATPase activity, and myocyte loss. These events may serve to function as preliminary indicators of the onset of heart failure of alcoholic origin in this animal model. (Circulation Research 1992;71:346-356 
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To determine the effects of moderate ethanol consumption on the mechanical, biochemical, and structural characteristics of the heart, myocardial mechanical performance, contractile protein enzyme activity, and the number and size of myocytes were measured in male Fischer 344 rats after the ingestion of 30%o oral ethanol. Papillary muscles removed from the left ventricle were greater in length, weight, and crosssectional area than the corresponding muscles from the right side. However, no differences were found between control and ethanol-treated myocardium when either the left or right side was compared separately. Chronic ethanol ingestion resulted in an increase in resting tension in left ventricular muscles, with no alteration in peak developed tension. Moreover, time to peak tension was significantly prolonged, whereas a depression was observed in the peak rate of isometric tension development. Isotonically, left muscles from ethanol-treated rats revealed a prolongation of time to peak shortening and a marked depression in the velocity of shortening at physiological loads. No changes were noted in muscles from the right ventricle. Contractile protein enzyme activity revealed no differences in myofibrillar Mg2`-ATPase activity in right and left ventricular myocardium between control and ethanol-treated rats in the presence of EGTA. However, at physiological activating levels of calcium, an upward shift of the myofibrillar Mg2`-ATPase activity-calcium curve occurred in left myocardium, whereas a depression in this relation was seen in the right ventricle. As a result of chronic ethanol intake, a decrease was noted in the volume percent of myocardium occupied by myocytes, and that myocyte cell volume per nucleus was found to remain essentially constant throughout the various layers of the ventricular wall. Importantly, a 14% significant decrease in the total number of myocyte nuclei was demonstrated in the left ventricular myocardium of rats on chronic ethanol consumption. Thus, chronic but moderate alcohol ingestion resulted in depressed contractile performance, alterations in myofibrillar Mg2`-ATPase activity, and myocyte loss. These events may serve to function as preliminary indicators of the onset of heart failure of alcoholic origin in this animal model. 3 However, animal models mimicking the human condition have been difficult to obtain, complicating the analysis of the influence of ethanol on the myocardium in relation to the human disease. In this regard, experimental studies dealing with the detrimen-tion in alcoholics. Therefore, to determine whether chronic consumption of moderate amounts of ethanol induces a depression of the intrinsic mechanical properties of the myocardium and associated alterations in contractile protein enzyme activity, papillary muscle performance in vitro and myofibrillar and myosin ATPase activities were determined after oral ethanol administration for a period of 8 months in Fischer 344 rats. Moreover, the changes in the number and size of myocytes were measured to establish whether myocyte loss and reactive cellular hypertrophy were implicated in the occurrence of alcoholic cardiomyopathy in this animal model. The 8-month time interval was selected to mimic the conditions previously used.7
Materials and Methods Male Fischer rats at 4 months of age were purchased from Harlan Sprague-Dawley breeding laboratories, Indianapolis, Ind. (National Institutes of Health colony) and made alcoholic as described below. All animals were coded and fed Purina rat chow and water ad libitum.
Animals in the treatment group received 10% (vol/ vol) ethanol in their drinking water for the first week, 20% for the next 2 weeks, and after the third week, 30% for the rest of the treatment period. This consumption of ethanol represented 30% of the total caloric intake. Since 70% of the caloric intake was received from standard Purina rat chow, it was assumed that the diet of ethanol-treated rats was nutritionally adequate. Blood samples were obtained every 2 weeks, and serum ethanol concentration was determined. After 8 months of oral ethanol ingestion, left and right papillary muscles were used for mechanical studies (see below), and the remaining ventricles from control and ethanoltreated rats were used for estimation of contractile protein enzyme activity.
An additional group of experimental and control rats, treated identically, were used for the quantitative estimation of changes in size and number of left ventricular myocytes according to the methodology described below. Separate groups of rats had to be used for these morphometric evaluations since they required perfusion fixation of the myocardium in situ.
Myocardial Mechanical Evaluation
Animals were anesthetized with ether, and the hearts were rapidly excised and placed in oxygenated Tyrode's solution containing elevated potassium to induce diastolic arrest (mM: Na+ 151.3, Ca2' 2.4, K' 30.0, Mg2+ 0.5, Cl-147.3, H2P04 12.0, and dextrose 5.5. The right ventricular free wall and the left ventricle (plus septum) were weighed after dissection of the papillary muscles.
The left and right posterior papillary muscles were removed and suspended side by side in a muscle bath. The nontendinous end of each papillary muscle was inserted into the end of a micrometer assembly that was used to adjust external muscle length. The tendinous end of the papillary muscle was attached to a 2-cm stainless-steel lever that was connected to servo-controlled force/length transducers. The muscles were continuously perfused with normal Tyrode's solution (4.0 mM K'). This solution was maintained at 30°C and gassed with 95% 02-5% CO2 (pH 7.2). Preparations were stimulated at 0.1 Hz by rectangular depolarizing pulses 10 msec in duration and twice the diastolic threshold in intensity. 8, 9 Stress-strain relations. To avoid problems due to dimensional variations between the left and right muscles, force was described in terms of the cross-sectional area involved in its production. The expression of force per unit area is tension (r) and is expressed as millinewtons per square millimeter (1 g=9.87 mN). As muscle is elongated, the cross-sectional area decreases so that force is generated by a smaller area than at the original length (L0), and the resultant tension is consequently higher. Thus, tension-generating ability is defined as the force-developing capacity (F) per actual instantaneous cross-sectional area (Ai):
When a uniaxial load is applied to cardiac muscle parallel with its fibers, the tissue responds by deforming and changing its overall length. This strain (E) is expressed as length change per original length. Thus, changes in length of a muscle from L,, which is assumed to be associated with zero stress, to a new or instantaneous length (Li) can be described by the relation that defines the change in linear strain:
E=LfL. dLi/Li=ln Li/L0 (mm/mm) (2) Ca24-ATPase activity of myosin in myofibrils was assayed as described previously.14 The final volume of incubation medium was 1 ml of 0.3 M KCl, 50 mM Tris chloride (pH 7.6), 10 Analyses of myosin isoenzymes in myofibril preparations were done by polyacrylamide gel electrophoresis (GE-2/4, Pharmacia) using nondissociating conditions at 20C.1'5'6 The running buffer contained 0.02 M Na4P207, 10% glycerol, and 0.01% (vol/vol) PMSF (pH 8.5) in 0.001 M EDTA.8 Cylindrical 4% polyacrylamide gels (60x6 mm) were prepared with acrylamide and N,N'-methylene-bis-acrylamide (30:0.8). Approximately 5 ,ug crude myosin extracts were layered on each gel and run at a constant voltage gradient of 14 V/cm for 20-22 hours. Gels were stained and destained,15 and densitometric scans were recorded at 595 nm on a spectrophotometer (Kontron Instruments, Milan, Italy). The relative estimate of each isoenzyme was calculated from the area under each peak.
Fixation Procedure and Tissue Preparation for Morphometric Evaluation
Animals were killed by arresting the heart in diastole with 1 ml cadmium chloride (100 mM i.v.). The heart was then perfused retrogradely through the abdominal aorta with pH 7.2 phosphate buffer for 3 minutes. Perfusion pressure was adjusted to the mean arterial pressure measured in vivo. After perfusion, the coronary vasculature was perfused for 15 minutes with a solution containing 2% paraformaldehyde and 2.5% glutaraldehyde. Subsequently, the fixed heart was excised, and the weights of the left ventricle, including the septum, and the right ventricle were recorded. In all animals, the two to four middle slices of the left ventricle, halfway between the apex and the base, were cut, and approximately 25-30 blocks extending from the endomyocardium to the epimyocardium were obtained from each heart. These samples, which included the entire thickness of the left ventricular free wall, were postfixed in osmium, dehydrated in acetone, and flat embedded in Araldite. Nuclear length, D(n), was determined in the endomyocardial and epimyocardial regions of each left ventricle from 37-50 measurements, each made at a magnification of x 1,250 in longitudinally oriented myocytes viewed with a microscope having an ocular micrometer accurate to 0.5 ,um. Ten blocks with myofibers sectioned parallel to their length were cut, sections 2 ,um in thickness were collected and stained, and seven to 10 measurements of nuclear length were recorded from each tissue section, three to five each for each region of the wall.
From the estimation of N(n)A and D(n), the number of myocyte nuclei per unit volume of myocardium, N(n)v, was computed using the following equation16: 
The total number of myocyte nuclei in each ventricle, N(n)T, was derived from the product of N(n)v and the total ventricular volume of myocardium, VT, derived from the quotient of ventricular weight and the specific gravity of muscle tissue (1.06).16 (Table 1) . Left and right ventricular weights were reduced by 8% and 3%, respectively. However, the latter change was not statistically significant. Moreover, the reduction in body weight, as a result of ethanol administration, resulted in an increase in right ventricular weight/body weight ratio of 11%.
The general characteristics of left and right papillary muscles of control and ethanol-treated rats are illustrated in Table 2 . No differences were observed in length, weight, and cross-sectional area of left and right papillary muscles between control and experimental animals. However, left ventricular papillary muscles from control and ethanol-treated rats were considerably longer and heavier and had a greater cross-sectional area than their respective counterparts removed from the right ventricle (Table 2 ).
Myocardial Contractility Isometric performance. Time to peak tension in the left myocardium was increased in the ethanol-treated group, whereas no change occurred in the right side. Moreover, a significant prolongation of this parameter was found in left compared with right muscles in control and ethanol-treated animals ( (Table 2 ). Figure 1A illustrates that a significant elevation in *esting tension occurred in left muscles from experinental animals, whereas right muscles were not affected )y ethanol. Resting tension in right myocardium was onsistently higher than that in left myocardium. Fially, no difference in isometric developed tension was oted between groups and the different sides of the eart ( Figure 1B) . Isotonic performance. The mechanical ability of papllary muscles to shorten under identical loads is shown n Figure 2 . Peak shortening at afterloads in the physilogical range was diminished in left papillary muscles rom ethanol-treated rats. However, these differences lid not reach statistical significance (Figure 2A ). On the ther hand, right ventricular muscles shortened less han left muscles in control and experimental rats Figure 2B ). As illustrated in Figure 3 , time to peak ,hortening was significantly prolonged in the left musle, remaining essentially constant in right muscles after thanol administration. Moreover, this parameter in ontrol right muscles was found to be greater than in the orresponding left muscles, whereas ethanol produced he opposite effect. The inverse relation between speed of muscle shortning and afterload is illustrated in the load-velocity urves shown in Figure 4 . Maximal velocity of shortenng throughout the physiological range of loads was educed as a result of ethanol in left papillary muscles nly. However, shortening velocity was consistently igher in the left than in the right myocardium for both ,roups. Changes in the maximal velocity of muscle elengthening ( Figure 5 ) throughout the range of phys-)logical loads showed a pattern substantially identical o that described for velocity of shortening in Figure 4. . By using the morphometric approach described in "Materials and Methods," the changes in myocyte cell volume per nucleus and in the total number of myocyte nuclei in the ventricular myocardium were obtained, and these results are illustrated in Figure 10 . Myocyte cell volume per nucleus remained essentially constant in the epimyocardium and endomyocardium and, as an average, across the wall after alcohol administration. However, a 14% statistically significant decrease (p<O.O1) in the total number of myocyte nuclei in the left ventricular myocardium was demonstrated in ethanol-treated rats.
Discussion
The results of the present investigation indicate that chronic ingestion of moderate amounts of ethanol was associated with alterations in cardiac mechanical performance, abnormalities in contractile protein enzyme activity, changes in the volume composition of the ventricular tissue, and myocyte cell loss. In addition, distinct differences were found between the two ventricles, suggesting that prolonged ethanol consumption may affect the left more than the right ventricle. Thus, sustained alcohol intake induced a depression in myocardial contractility and biochemical and structural defects that together may contribute to the development of ventricular dysfunction in vivo in this animal model.
Mechanical Effects of Ethanol
Data in the current study demonstrate that chronic ethanol consumption produced changes in isometric contractions characterized as an increase in resting tension, prolongation of contraction duration, and a decrease in the speed of isometric tension development. Isotonically, the speeds of muscle shortening and relengthening were significantly lower in ethanol-treated rats despite a prolongation of isotonic shortening time. Importantly, these mechanical abnormalities were restricted to the left myocardium, whereas the right myocardium showed no significant alterations in mechanical behavior. These observations in vitro can be expected to affect myocardial relaxation in vivo, leading to impairment in diastolic function. Thus, the current results are consistent with the hemodynamic changes previously found in Fischer 344 rats 8 months after oral ethanol administration. 7 Differences in the functional properties of left and right myocardium in the absence of ethanol are in agreement with recent investigations in which the contractile behavior of cardiac tissue has been examined biventricularly in various strains of rats. [18] [19] [20] 
